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(54) Method for adjusting a natural gas temperature for a fuel supply line of a gas turbine engine

(57) The method for adjusting a natural gas temper-
ature for a fuel supply line (6) of a gas turbine engine (1)
comprises measuring by infrared analysis the natural gas
percentage content of methane (CH4), ethane (C2H6),
propane (C3H8), butane (C4H10), carbon dioxide (CO2),
calculating the nitrogen (N2) percentage content as the

complement to 100 of the measured percentage content
of methane (CH4), ethane (C2H6), propane (C3H8), bu-
tane (C4H10), carbon dioxide (CO2), calculating an index
indicative of the natural gas energy content, adjusting
the natural gas temperature on the basis of the index.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a method for adjusting a natural gas temperature for a fuel supply line of a
gas turbine engine and to a gas turbine engine.

BACKGROUND

[0002] Combined cycle power plants have a gas turbine engine and a steam turbine engine. The gas turbine engine
can be supplied with natural gas that is pre-heated (i.e. its temperature is adjusted before it is injected into the combustion
chamber of the gas turbine engine) to optimize efficiency; usually pre-heating is achieved by heating the natural gas to
a maximum allowable temperature using steam or feedwater from the steam cycle.
[0003] Flexibility with regards to the natural gas composition is an important feature for those combined cycle power
plants that are supplied from different natural gas pipelines, from a LNG harbour or from a pipeline where additionally
a natural gas treatment plant is installed.
[0004] In general when the natural gas source is changed, the natural gas composition is also changed. Change in
natural gas composition can cause a change in the behavior of the combustion process. For example, a natural gas
with high inert contents and hence a lower heating value requires an increased supply pressure; this may lead to changes
in gas reactivity and mixing quality.
[0005] For this reason the composition of the natural gas supplied to a combined cycle power plant (in particular to a
gas turbine of such a plant) is measured.
[0006] In order to measure the composition of the natural gas, different devices are known, namely:

- Infrared analyzers, these devices allow measurement of the hydro carbons; in addition they have the advantage
that their response is quite fast; this is useful because the natural gas supply (and thus the natural gas composition)
can be changed on a weekly, daily or hourly basis or even much faster if for example in a LNP plant the higher hydro
carbon trips according to the fuel supply conditions). Infrared analyzers have the disadvantage that they are not
able to measure the natural gas content of nitrogen (N2, the N2 amount can be quite large in natural gas), because
this compound does not respond to infrared radiation.

- Chromatography analyzers, these devices can measure the hydro carbon content and also the nitrogen (N2) content
of the natural gas. The disadvantage of chromatography analyzers is that their response is very slow, because it
can take minutes for them to analyze the natural gas composition. Such a slow response can lead to instability of
the combustion in the gas turbine engine.

[0007] The changes in natural gas composition could happen slowly if the switch of gas line is planned (usually around
5-30 minutes) or they could happen quickly if an unplanned event triggers a change of natural gas (usually around 30
seconds).

SUMMARY

[0008] An aspect of the disclosure includes providing a method for adjusting the temperature of the natural gas (pre-
heating temperature) to optimize reliability and efficiency.
[0009] Advantageously, for continuous reliable operation of a combined cycle power plant with fluctuating gas com-
positions at optimum combined cycle efficiency the actual gas composition is measured and a maximum allowable fuel
gas temperature is defined and controlled for the fuel supply line or different fuel supply lines.
[0010] Advantageously, the method allows a fast response of the gas turbine engine operation to changes in compo-
sition of the natural.
[0011] These and further aspects are attained by providing a method and gas turbine in accordance with the accom-
panying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Further characteristics and advantages will be more apparent from the description of a preferred but non-
exclusive embodiment of the method and gas turbine engine, illustrated by way of non-limiting example in the accom-
panying drawings, in which:

Figures 1 and 2 are schematic views of different gas turbine engines.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0013] The method for adjusting the natural gas temperature for a fuel supply line of a gas turbine engine comprises
the following steps:

- measuring by infrared analysis the natural gas percentage content (preferably molar or volumetric percentage but
also mass percentage) of methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2),

- calculating the nitrogen (N2) percentage content as the complement to 100 of the measured percentage content of
methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2); in other words: 

The largest part of the natural gas content is defined by methane, ethane, propane, butane, carbon dioxide and
nitrogen, thus even if additional components such as argon are contained in the natural gas, they do not negatively
affect the measure of nitrogen as for the precision required. In addition, since the hydro carbon content is measured
by infrared analysis and the nitrogen content is calculated, the composition of the natural gas can be monitored with
a fast response. Further steps of the method include:

- calculating an index indicative of the natural gas energy content, and
- adjusting the natural gas temperature on the basis of the index.

[0014] For example, adjusting the natural gas temperature includes defining a plurality of ranges for the index, asso-
ciating one maximum temperature to each range, and maintaining the natural gas temperature below or at the maximum
temperature corresponding to the range into which the calculated index falls. This can be advantageously done by means
of look up tables. The look up tables can be prepared during the validation tests of the gas turbine engine.
[0015] In order to take into account the natural gas composition, the index can be calculated by:

- calculating the lower heat value of a mixture including the measured amount of methane (CH4), ethane (C2H6),
propane (C3H8), butane (C4H10), carbon dioxide (CO2) and the calculated amount of nitrogen (N2)

- calculating the molecular weight of the mixture including the measured amount of methane (CH4), ethane (C2H6),
propane (C3H8), butane (C4H10), carbon dioxide (CO2) and the calculated amount of nitrogen (N2). This can be
done by summing the molecular weight of each component in view of its percentage in the mixture.

[0016] The index NGI (Natural Gas Interchange) is calculated by: 

wherein
LHVng is the calculated lower heat value of the mixture
LHVch4 is the lower heat value of methane
Mng is the molecular weight of the mixture
Mch4 is the molecular weight of methane.
In this case the reference for the index is a fuel being methane.
Alternatively, the index can be calculated with reference to the design conditions for the gas turbine engine.
In this case the index IGN is calculated as follows: 

wherein
LHVng is the calculated lower heat value of the mixture
LHVdes is the design lower heat value
Mng is the molecular weight of the mixture
Mdes is the design molecular weight.
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[0017] If the gas turbine engine has a plurality of fuel supply lines for different combustion chambers and/or different
stages of a combustion chamber the natural gas temperature of at least one fuel supply line can be adjusted independently
of the natural gas temperature of another fuel supply line.
[0018] The method above described can be implemented in a gas turbine engine 1 comprising a compressor 2, a
combustion chamber 3 and a turbine 4.
[0019] The combustion chamber 3 has a fuel supply line 6 with a heat exchanger 7 for adjusting a natural gas tem-
perature (i.e. to pre-heat the natural gas that is supplied through the line 6 to the combustion chamber 3 of the gas
turbine 1).
[0020] The heat exchangers can be of different types and can be supplied with different warm fluids such as for
example steam, warm air from the cooling air cooler or warm water.
[0021] In addition, the gas turbine engine 1 has a sensor 9 for measuring by infrared analysis the natural gas percentage
content of methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2); since infrared
analysis is used this measure is very fast (seconds).
[0022] The sensor 9 is connected to a controller 10 for calculating the percentage content of nitrogen (N2) as the
complement to 100 of the measured percentage content of methane (CH4), ethane (C2H6), propane (C3H8), butane
(C4H10), carbon dioxide (CO2).
[0023] In addition, the controller 10 also calculates an index indicative of the natural gas energy content and on the
basis of this index the controller 10 drives actuators for the heat exchanger to adjust the natural gas temperature.
[0024] The actuators are usually defined by valves that regulate the steam flow or warm air flow or warm water flow.
Other kinds of actuators are possible.
[0025] When the method is implemented in a gas turbine engine like the one described, look up tables can be used.
[0026] Thus, if the calculated NGI is for example 0.75, the maximum temperature for the natural gas to be injected
into the combustion chamber 3 of the gas turbine engine of figure 1 is a given temperature according to the look up
table. The natural gas will be pre-heated at this given temperature or at a temperature lower than this given temperature.
[0027] The method can also be used in gas turbine engine with sequential combustion.
[0028] Figure 2 shows a gas turbine engine with sequential combustion; in figure 2 like reference numbers as in figure
1 indicates the same or similar components, i.e. the gas turbine engine 1 has the compressor 2, the combustion chamber
3, the turbine 4, the heat exchanger 7, the sensor 9 and the controller 10.
[0029] In addition, the gas turbine engine 1 includes a sequential combustion chamber 15 that is supplied with the
flue gases from the turbine 4 and a second turbine 16 to expand hot gases generated in the sequential combustion
chamber 15.
[0030] In this example, the fuel supply line of the combustion chamber 3 is indicated by the reference 6a and the fuel
supply line of the sequential combustion chamber is indicated by the reference 6b.
[0031] The fuel supply line 6b has a heat exchanger 17 for adjusting the natural gas temperature.
[0032] The controller 10 drives the actuators of the heat exchanger 7 of the fuel supply line 6a of the combustion
chamber 3 independently of the actuators of the heat exchanger 17 of the fuel supply line 6b of the sequential combustion
chamber 15.
[0033] When the method is implemented in a gas turbine engine like the one described, look up tables can be used.
[0034] Thus, if the calculated NGI is for example 0.75, the maximum temperature for the natural gas to be injected
into the combustion chamber 3 is a given temperature and the maximum temperature for the natural gas to be injected
into the combustion chamber 15 is this given temperature.
[0035] The operation of the gas turbine engine is apparent from that described and illustrated and is substantially the
following (with reference to figure 2).
[0036] Air is compressed in the compressor 2 and supplied into the combustion chamber 3 in which also natural gas
is supplied. The natural gas is combusted generating hot gas that is expanded in the turbine 4. The exhaust gas from
the turbine 4 is supplied into the sequential combustion chamber 15 where additional natural gas is provided and
combusted generating hot gas. This hot gas is expanded in the second turbine 16 and is then discharged.
[0037] A common line supplies fuel to the fuel supply lines 6a and 6b. The sensor 9 measures the content (percentage)
of methane, ethane, propane, butane, carbon dioxide; this measure is very fast (seconds). The information on the
percentage content of methane, ethane, propane, butane, carbon dioxide is provided to the controller 10 that calculates
the content (percentage) of nitrogen and the molecular weight of a mixture having the measured percentage of methane,
ethane, propane, butane, carbon dioxide and the calculated percentage of nitrogen. The total amount will not be exactly
100%, but this does not affect the adjustment.
[0038] Then the index NGI is calculated and for example on the basis of look up tables the maximum temperature for
the natural gas supplied to the combustion chamber 3 and sequential combustion chamber 15 is found (these temperature
are in general different but could also be the same).
[0039] The temperature of the natural gas must not be higher than the maximum temperature found, i.e. the temperature
of the natural gas can be lower than the maximum temperature, but for efficiency reasons, preferably the temperature
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of the natural gas (pre-heating) is adjusted to the maximum temperature or to a value close to it.
[0040] Naturally the features described may be independently provided from one another.
[0041] In practice the materials used and the dimensions can be chosen at will according to requirements and to the
state of the art.

Claims

1. A method for adjusting a natural gas temperature for a fuel supply line (6) of a gas turbine engine (1), the method
comprising:

measuring by infrared analysis the natural gas percentage content of methane (CH4), ethane (C2H6), propane
(C3H8), butane (C4H10), carbon dioxide (CO2),
calculating the nitrogen (N2) percentage content as the complement to 100 of the measured percentage content
of methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2),
calculating an index indicative of the natural gas energy content,
adjusting the natural gas temperature on the basis of the index.

2. The method of claim 1, characterised in that adjusting the natural gas temperature includes:

defining a plurality of ranges for the index,
associating one maximum temperature to each range,
maintaining the natural gas temperature below or at the maximum temperature corresponding to the range into
which the calculated index falls.

3. The method of claim 1, characterised in that the index is calculated by:

calculating the lower heat value of a mixture including the measured amount of methane (CH4), ethane (C2H6),
propane (C3H8), butane (C4H10), carbon dioxide (CO2) and the calculated amount of nitrogen (N2),
calculating the molecular weight of the mixture including the measured amount of methane (CH4),
ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2) and the calculated amount of nitrogen
(N2),
calculating the index either by 

or 

REFERENCE NUMBERS
1 gas turbine engine
2 compressor
3 combustion chamber

4 turbine
6 fuel supply line
6a, 6b fuel supply line
7 heat exchanger
9 sensor
10 controller

15 sequential combustion chamber
16 second turbine
17 heat exchanger
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wherein
LHVng is the calculated lower heat value of the mixture,
LHVch4 is the lower heat value of methane,
LHVdes is the design lower heat value,
Mng is the molecular weight of the mixture,
Mch4 is the molecular weight of methane,
Mdes is the design molecular weight.

4. The method of claim 1, characterised in that:

the gas turbine engine (1) has a plurality of fuel supply lines (6a, 6b) for different combustion chambers (3, 15)
and/or different stages of a combustion chamber,
the natural gas temperature of at least one fuel supply line (6a) is adjusted independently of the natural gas
temperature of another fuel supply line (6b).

5. A gas turbine engine (1) comprising a compressor (2), a combustion chamber (3) and a turbine (4), the combustion
chamber (3) having a fuel supply line (6) with a heat exchanger (7) for adjusting a natural gas temperature, the gas
turbine engine (1) further including:

at least a sensor (9) for measuring by infrared analysis the natural gas percentage content of methane (CH4),
ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2), and
a controller (10) for calculating the percentage content of nitrogen (N2) as the complement to 100 of the measured
percentage content of methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), carbon dioxide (CO2),
the controller (10) for further calculating an index indicative of the natural gas energy content and on the basis
thereof drive actuators for the heat exchanger (7) to adjust the natural gas temperature on the basis of the index.

6. The gas turbine engine of claim 5, characterised by including:

a sequential combustion chamber (15) that is supplied with the flue gases from the turbine (4), and
a second turbine (16) to expand hot gases generated in the sequential combustion chamber (15),
wherein the sequential combustion chamber (15) has a fuel supply line (6b) with a heat exchanger (17) for
adjusting the natural gas temperature, and
the controller (10) drives the actuators of the heat exchanger (7) of the fuel supply line (6a) of the combustion
chamber (3) independently of the actuators of the heat exchanger (17) of the fuel supply line (6b) of the sequential
combustion chamber (15).
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